Supplementary Figure S1 XRD patterns of b-P and b-As 0.83 P 0.17 bulk crystals. Plot b is a zoom-in plot of a. The results show that b-AsP has orthorhombic structure, similar to b-P. This result is consistent with our early publication. [1] The XRD patterns were collected using a Rigaku Ultima IV powder/thin-film diffractometer with Cu Kα line. 
Supplementary Figure S2

DFT calculations
First principles calculations were performed within the framework of DFT with GGA-PBE functionals and Grimme D2 corrections for van-der-Waals interactions, to calculate the geometrical structure, band gap, and vibrational properties of black arsenic-phosphorus (b-AsP) system. This combination provides the best results based on our recent investigations on phosphorus allotropes (see Figure S3 and reference [1] ). Here, full structure optimizations and calculations of vibrational frequencies were performed as implemented in the CRYSTAL14 code. [2, 3] For phosphorus and arsenic, all electron basis sets with triple-zeta valence were applied. [4] Additional electronic structure calculations were performed with the full potential local orbital code FPLO14 in the scalar relativistic mode. [5, 6] For the graphical representation of vibrational frequencies, the j-ice was applied. [7] The calculated band gaps for b-As x P 1-x are listed in Table S1 . Systematical underestimated band gaps are due to the GGA functional as known from literature. Nevertheless, the general trend is confirmed as also found from test calculations with the B3LYP and HSE hybrid functionals that overestimate the band gaps. We also find that the calculated electronic structure further depends strongly on distortions in the structure related to the van der Waals interactions. From a shortening of interlayer distances (sample thickness increases), a smaller band gaps are observed, i.e., monolayer b-AsP would exhibit larger band gaps than the bulk.
Moreover, with shorter inter-layer distances, the direct band gap is systematically shifted from the Y k-point towards U, due to van der Waals interactions.
Supplementary Figure S3
Cell volumes for b-As x P 1-x calculated with PBE, PBE+d2, and LDA functionals. The PEB and LDA results are from previous studies [1] and used as comparisons here.
Supplementary Table S1
Calculated band gaps for b-AsP using GGA method. 
